INTRODUCTION
Our need to pyrolytically evaluate a large number of tobacco samples has led to the presently reponed improvement of our standard pyrolysis technique. As currently we employ mostly glass capillary gas chromatography (GC-2), which allows improved resolution of pyrolyzate components and lower sample concentrations, in our analyses, it is necessary to utilize a semi-micropyrolysis procedure that yields just sufficient material for GC-2 and is more rapid than our previous larger-scale tube pyrolysis method (1) . The utility and validity of this semi-micropyrolysis/GC-2 method have been proven and are described here for tobacco leaf carbohydrates. The distinctive aroma, flavor and biological properties DOI: 10.2478 DOI: 10. /cttr-2013 of tobacco smoke are attributable to the inleracti~ns of thousands of individual chemical components, the majority of which arise through pyrolytic reactions (2, 3) . tobacco ieaf carbohydrates, comprising cell-wall bio..: polymers and reducing sugars, are of particular interest. Due to their relatively high concentration in the average cigarette tobacco blend and their low volatility, they should contribute significantly to pyrosynthesized smoke components. Several studies (4, 5, 6) have shown carbohydrates to be major pyrosynthetic sources of furans, carbonyls and other flavor related smoke compounds. In addition, it has been suggested that the biological activity of cigarette smoke is directly affected by the sugar content of leaf (7, 8) . One of our research objectives has been the development of methods to determine the contributions of major tobacco leaf constituents to the formation of smoke compounds affecting overall flavor, aroma and biological properties. Presently, we are reporting the utilization of the rapid, semi-micropyrolysis method in combination with GC-2 and mass spectrometry (MS) to identify semi-volatile compounds arising from the thermal degradation of sugar (sucrose) and polysaccharides (cellulose and dextrin). Lignin is included because of its proximate presence with cellulose in cell walls.
EXPERIMENTAL*

Materials
a-Cellulose and dextrin were obtained from Sigma Chemical Corporation; sucrose was Baker chemical reagent grade; lignin was isolated from Bright tobacco stalk by the method of Pepper (9) ; methylene chloride was Mallinckrodt distilled-over-glass quality.
Pyrolysis
Pyrolyses were performed in a microunit similar to a reported method (10) . Selection of pyrolysis conditions was based on comparisons of tobacco leaf pyrolysis products, formed under varying conditions of temperature and gaseous environ~ent, with cigarette smoke profiles. Ground tobacco (NC 2326 flue-cured lamina) was variously pyrolyzed at temperatures from 300 •c to 800 •c under nitrogen and/or air. Pyrolyzates obtained at 700 •c, under nitrogen, were found to correlate most closely with component profiles obtained from total particulate matter of NC 2326 cigarettes. Samples (5 to 10 mg) were weighed in quartz tubes (25 mm X 2 mm inside diameter) which were then positioned in a platinum-heating coil pyroprobe (Chemical Data Systems, Inc.). The probe was insened and locked into a pre-"' Refuence to a 'ompany or product name does not imply endorsement or recommea.Ution by the u.s.n.A. heated (200 "C) oven assembly, then swept with a continuous flow of dry nitrogen (15 ml/min). The heater coil was elevated to 700 •c (8 ms) and held for 10 s.
Semi-volatile pyrolysis products were flushed from the oven assembly by the nitrogen carrier gas, and the semi-volatile pyrolyzate effluent was allowed to condense, at room temperature, in a Pyrex glass (2 mm inside diameter) "U'" tube. Pyrolyzates were recovered by elution with 50 p.l of methylene chloride.
Glass Capillary Gas Chromatography I Mass Spectrometry
Aliquots of the methylene chloride soluble pyrolyzates were removed and characterized with a Hewlett-Packard gas chromatograph-mass spectrometer (HP 5985) system. Components were resolved on a 35 m X 0.2 mm inside diameter capillary column coated with SP-1000 (11). The oven temperature was programmed from SO"C to 250"C at 4"/min. Helium flow of 30cm/s, splitless injection mode, MS scan rate of 400 u/ s, ion source temperature of 200 ·c, ion source energy of 70 eV, and electron multiplier of 2000 V were utilized. Identification of components was based on computer matching with combined National Bureau of Standards, Environmental Protection Agency, and National Institutes of Health spectral libraries, and comparison with published spectra {12).
RESU.LTS AND DISCUSSION
GC-2 chromatograms of pyrolyzate semi-volatiles of cellulose, dextrin, sucrose and lignin are shown in Fig. 1 through Fig. 4 , respectively. Compounds identi£ied by mass spectrometry and labeled on thr: chromategrams are listed in Table 1 . Previous identifications of leaf component pyrolysis products (13, 14) or of smoke components (15, 16) have relied on conversions to volatile silyl derivatives to facilitate gas chromatographic separations. However, the use of the SP-1000 GC liquid phase and appropriate chromatographic conditions permitted the separations, without derivatization, of the semi-volatile components which are of particular interest to smoke flavor and aroma studies. The pyrolytic products of cellulose have been extensively studied. Gardiner (17) and Saint-fa/m (13) identified 1,6-anhydroglycopyranose (levoglucosan) as the major thermal decomposition product of cellulose, under varying conditions. This compound is believed to be intermediate in the formation of cellulose pyrolysis products. We have previously found levoglucosan to be a major pyrolysis product, but its GC elution froln SP-1000 required its conversion to a trimethylsilyl derivative, and was, therefore, not determined under our analysis conditions. Since the present study is concerned with semi-volatile compounds which affect to- 
Rgure1. Glau capillary gas chromatography (GC-2) aaparatlon of tha pyrolysis products of calluloaa on an SP-1000 column (psak identifications In Table 1 ). Table 1 ). Flgure3. GC-2 chromatogram otaucroae pyrolysis ~ucts (peak identifications In Table 1 ). bacco flavor and aroma, we collected-and inalyzed the pyrolyzates without derivatization or other chemical alterations which proscribe accurate flavor evaluations and may lead to anifact formation. The volatile pyrolysis products identified from our chromatogram (Fig. 1 ) are similar to those reponed by Sakuma (18) . The presence of 3-hydroxy-2-methylpyran-4-one (peak 24 in Fig. 1 ) in significant amounts is of particular interest from a flavor aspect, as the pyran-4-ones are imponant Maillard-Browning reaction intermediates in the formation of substituted furanones, found in cooked and dehydrated foods (19) . Both pyran--4-ones and furanones have also been identified in the total paniculate matter of cigarette smoke (16) . Although starch is an important constituent of Bright tobaccos, ranging from an average of 15% dry weight of fresh green leaf to 3% of cured leaf (20) , few studies have been published concerning the fate of tobacco starch in the burning cigarette. Newell (21), in a study with 14 C-Iabeled carbohydrates, reported that tobacco starch contributes a higher percentage of thermal decomposition products to mainstream smoke than other cell-wall components. In our study, pyrolysis of dextrin, as a representative plant starch, yielded a chromatographic profile (Fig. 2 ) qualitatively similar to cellulose. However, 3-methylfuran was present in greater amounts in dextrin vs. cellulose pyrolyzate, whereas 3-hydroxy-2-methylpyran-4-one was greatly reduced. The parent compound, 4H-pyran-4-one (peak 21 in Fig. 2) , was a significant product of dextrin pyrolysis, but was not positively identified in the cellulose pyrolyzate. The data suggest that cellulose and starch undergo parallel thermal decomposition mechanisms; thus, the combined amounts of these components in cigarette blends should significantly affect the levels of furans and cyclic ketones in smoke and smoke flavor in general.
In contrast to the polymeric carbohydrates, the pyrolysis profile of sucrose (Fig. 3 ) suggested a thermal decomposition pathway of less complexity. 2-Furaldehyde (peak 8) was 67% of the total GC-2 volatile sucrose pyrolyzate (compared to 21% and 17% for cellulose and dextrin pyrolysis, respectively). Identification of silylated derivatives of pyrolyzate products of glucose, fructose and sucrose (13) indicated 5-hydroxymethylfurfural to be the major component. Recent studies (22) indicate that the optimum temperature for pyrogenesis of this compound from sucrose, under nitrogen, is approximately 45o•c. Yields of 2-furaldehyde, however, were greatest at 650 •c. ]ohnson (23) identified furans and cyclic ketones, after heating sucrose with a gas burner. However, confirmation that 2-furaldehyde is the most significant smoke product of the sugar in the cigarette can be found in the data of ThornUJn (5) -addition of sugars to cigarettes resulted in no significant change in total aldehyde and ketone delivery in smoke, but gave an observable increase in 2-furaldehyde levels. Lignin was included in this study, since it is closely associated with the cell-wall polysaccharides in tobacco leaf. The chromatographic profile of lignin pyrolyzate (Fig. 4) consisted essentially of phenol, cresols and other substituted monophenols, as expected from previous studies (14, 24) . The presence of 2-furanmet'hanol and 2-hydroxy-3-methyl-2-cyclopenten-1-one in lignin pyrolyzate, compounds common to the three carbohydrate pyrolyzlues, is most likely the result of incomplete separation of cellulose from lignin during our extraction procedure. It is safe to conclude that lignin makes a minor contribution, if any, to the flavor significant compounds produced by thermal decomposition of carbohydrates.
